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Abstract of the Disclosure: Multimetal oxide compositions 
which comprise, as basic constituents, the elements Mo, 
V, W, Cu and Ni in oxidic form in certain molar ratios, 
and the preparation of these multimetal oxide composi- 
tions, and their use as catalysts for the gas-phase 
catalytical oxidation of acrolein to acrylic acid. 
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Multimetal oxide compositions 
The present invention relates to multimetal oxide 
compositions which comprise, as basic constituents, th 
elements Mo, V f W, Cu and Ni in oxidic form, with the 
proviso that the following molar ratios exist between the 
various elemental constituents: 

Mo:V - 12:1 to 2:1, 

Mo:W » 60:1 to 3:1 

Mo:Cu « 24:1 to 2:1 and 

Cu:Ni » 5:1 to 1:3. 

The present invention also relates to a process 
for the preparation of these compositions , and to their 
use* 

EP-A 427 508, DE-A 29 09 671, DE-C 31 51 805 and 
DE-B 26 26 887 disclose multimetal oxide compositions 
which comprise, in addition to other elemental oxides, 
the elements Mo, V, W and Cu in oxidic form as basic 
constituents. Examples which are disclosed include 
multimetal oxide compositions in which the molar con- 
stituent ratios Mo:V, Mo:W and Mo:Cu are in the range 
defined according to the invention. These multimetal 
oxide compositions are recommended, inter alia, as 
catalysts for the catalytic gas-phase oxidation of 
acrolein to acrylic acid. 

In this application, however, these multimetal 
oxide compositions are not fully satisfactory in respect 
to activity and selectivity of acrylic acid formation. 
Furthermore, these multimetal oxide compositions only 
achieve their final selectivity (for a given conversion) 
for the formation of acrylic acid after an extended 
operating time. 

EP-A 235 760 discloses multimetal oxide composi- 
tions which are suitable as catalysts for the gas-phase 
catalytic oxidation of acrolein to acrylic acid and which 
contain Ni in oxidic form as a further basic constituent 
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in addition to the elements Mo, V, W and Cu. However, 
these multimetal oxide compositions hav the disadvantage 
that the molar ratio between the elemental constituent Cu 
and the elemental constituent Ni in them is less than 
1:3, which means that these multimetal oxide compositions 
are also not entirely satisfactory with respect to use 
for the catalytic gas-phase oxidation of acrolein to 
acrylic acid. 

It is an object of the present invention to 
provide multimetal oxide compositions which are more 
satisfactory for use as catalysts for the gas-phase 
catalytic oxidation of acrolein to acrylic acid. 

We have found that this object is achieved by the 
compositions defined at the outset. 

Preference is given to multimetal oxide composi- 
tions according to the invention in which the molar ratio 
between the elemental constituent Cu and the elemental 
constituent Ni is from 3:1 to 1:2, particularly prefer- 
ably 2:1. 

Particularly advantageous compositions according 
to the invention are those which conform to the empirical 
formula X 

MOa^WbCu^XiXlXjXjXjO,, (I) 

where 

X 1 is one or more alkali metals, 

X 2 is one or more alkaline earth metals, 

X 3 is chromium, manganese, cerium and/or niobium, 

X 4 is antimony and/or bismuth, 

is silicon, aluminum, titanium and/or zirconium, 
a is from 1 to 6, 
b is from 0.2 to 4, 
c is from 0.5 to 6, 
d is from 0.2 to 6, 
c:d is from 5:1 to 1:3, 
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e is from 0 to 2, 
f is from 0 to 3 f 
g is from 0 to 5, 
h is from 0 to 40, 
i is from 0 to 40 and 

n is a number which is determined by the valency and 
frequency of the elements in I other than oxygen. 

Of these , preference is in turn given to those in 
which the stoichiometric coefficients e, f, g and h are 
0. 

The compositions according to the invention are 
generally prepared in a manner known per se by producing 
a very intimate dry mix of suitable starting compounds 
which contain the elemental catalyst constituents and 
calcining this dry mix at from 200 to 500°C, preferably 
at from 300 to 400°C. The only essential feature is that 
the starting compounds employed are either already oxides 
or are compounds which can be converted into oxides by 
heating, in the presence or absence of oxygen* In addi- 
tion to metal oxides, suitable starting compounds are 
therefore, in particular, halides, nitrates, formates, 
acetates, carbonates and hydroxides* Suitable starting 
compounds of Mo, W and V are also their molybdates, 
tungstates and vanadates, or the acids derived therefrom. 

The intimate mixing of the starting compounds can 
be carried out in dry or wet form. If it is carried out 
in dry form, the starting compounds are expediently 
employed as finely divided powders and after the mixing 
are pressed (for example tabletted), for example to give 
catalyst bodies of the desired geometry, which are then 
subjected to calcination. 

However, the intimate mixing is preferably 
carried out in wet form. In this case, the starting 
compounds are usually mixed with one another in the form 
of an aqueous solution or suspension. The aqueous com- 
position is then dried and calcined. 
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The drying process is pr ferably carried out 
immediately after preparation of the aqueous mixture and 
is accomplished by spray drying (starting temperatures 
are generally from 100 to 150°C) . The powder thus pro- 
duced can be shaped directly by pressing. Frequently, 
however, it proves to be too finely divided for direct 
further processing; it is therefore expediently first 
kneaded with addition of water • 

The kneading composition produced is subsequently 
either shaped to the desired catalyst geometry, dried and 
then calcined (gives unsupported catalysts) or calcined 
without shaping and then ground to give a finely divided 
powder (usually < 80 |ra) , which, normally with addition 
of a small amount of water and, if desired, further 
conventional binders, is applied as a moist composition 
to an inert support. Completion of the coating operation 
is followed by further drying, giving the ready-to-use 
shell catalyst. In principle, however, the calcined 
powder can also be employed as a powder catalyst. 

In the case of aqueous wet mixing of the starting 
compounds, the starting compounds of the constituents Cu 
and Ni are preferably water-soluble copper and nickel 
salts, such as nitrates or acetates, the acetates being 
particularly advantageous. It is of course also possible 
for the acetates to be formed in situ during the mixing 
(for example by using carbonates as starting compounds 
and adding acetic acid). 

In the case of unsupported catalysts, the 
stoichiometric coefficient i in the empirical formula I 
is advantageously from 15 to 40. Otherwise, i preferably 
has the value 0, since the oxides of constituent X 5 are 
those which essentially only result in dilution of the 
remainder of the composition. 

If the starting compounds are mixed in the form 
of an aqueous solution, it is also possible for inert 
porous supports to be impregnated therewith, dried and 
subsequently calcined to give supported catalysts. 
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Unsupported catalysts preferably have a geometry cor- 
responding to hollow cylinders, as d scrib d in 
DE-A 31 13 179. 

However, when the multim tal oxide compositions 
according to the invention are used as catalysts for the 
gas-phase catalytic oxidation of acrolein to acrylic 
acid, they are preferably used in the form of shell 
catalysts. The conventional support materials, such as 
porous or non-porous aluminum oxides, silicon dioxide, 
thorium dioxide, zirconium dioxide, silicon carbide or 
silicates, such as magnesium silicate or aluminum sili- 
cate, can be used. The supports may have a regular or 
irregular shape; regular supports with a distinct surface 
roughness, for example beads or hollow cylinders, are 
preferred. Of these, beads are in turn particularly 
advantageous. Very particularly advantageous is the use 
of essentially non-porous, surface-rough, spherical 
supports made from steatite, whose diameter is from 1 to 
6 mm, preferably from 4 to 5 mm. The coating thickness of 
the active composition is expediently selected in the 
range from 50 to 500 pm, preferably in the range from 150 
to 250 pm. It should be pointed out at this point that, 
in the preparation of shell catalysts, the coating of the 
supports can also be carried out before the calcination, 
ie., for example, using the moistened wettable powder. 

The calcination of the dry composition containing 
the starting compounds in an intimate mixture is advan- 
tageously carried out in a rotary kiln charged with air. 

The coating of the support elements for the 
preparation of shell catalysts is generally carried out 
in a suitable rotatable vessel, as disclosed, for 
example, in DE-A 29 09 671 or EP-A 293 859. 

The starting compounds, the coating process and 
the calcination conditions are advantageously selected in 
a manner known per se in accordance with EP-A 293 859 in 
such a way that the resultant multimetal oxide active 
compositions have a specific surface area of from 0.50 to 
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150 m 2 /g, a specific pore volume of from 0.10 to 
0.90 cmVg and a por diameter distribution such that in 
each case at least 10 % of the total pore volume falls 
within the diameter ranges from 0.1 to < 1 jim, from 1.0 
to < 10 |im and 10 |im to 100 \im* The pore diameter dis- 
tributions mentioned as being preferred in EP-A 293 859 
are preferably established. 

The multimetal oxide compositions according to 
the invention are particularly suitable as catalysts 
having increased activity and selectivity for the gas- 
phase catalytic oxidation of acrolein to acrylic acid. 
The acrolein employed is preferably the product of an 
appropriate catalytic gas-phase oxidation of propene. The 
gas-phase catalytic oxidation of acrolein is usually 
carried out as a heterogeneous fixed-bed oxidation in 
tube-bundle reactors. The oxidant employed is conven- 
tionally oxygen, expediently diluted with inert gases. 
Examples of suitable inert gases are N 2 and /or steam. The 
reactant temperature and pressure are known to persons 
skilled in the art (cf. DE-A 41 32 263). It is noteworthy 
that the multimetal oxide catalysts according to the 
invention have a reduced activation time with respect to 
the selectivity for the formation of acrylic acid, ie. if 
a tube-bundle reactor charged with the compositions 
according to the invention is operated under conditions 
known per se to a person skilled in the art with an 
acrolein-containing gas stream for the purposes of 
oxidative formation of acrylic acid, the selectivity of 
the formation of acrylic acid increases to a maximum 
plateau level within a reduced operating time. 

However, the multimetal oxide compositions 
according to the invention are also suitable for the gas- 
phase catalytic oxidation of other organic compounds, 
such a alkanes, alkanols, alkanals, alkenes and other 
alkenals to olefinically unsaturated aldehydes and/or 
carboxylic acids, and the corresponding nitriles (ammon- 
oxidation, for example of propene to acrylonitrile and of 
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2-methylpropene or tert-butanol to methacrylonitrile) . 
The number of carbon atoms in said organic compounds is 
normally in the range from 3 to 6, preferably 3 or 4. 

EXAMPLES 

a) General procedure for the preparation of multi- 

metal oxide compositions 

As a comparative example, a catalytically active 
composition Cl having the composition Mo 12 V 1 W 1 . 2 Cu 2 .,,Ox was 
prepared as follows: 

190 g of copper (II) acetate monohydrate were 
dissolved in 2700 g of water to give a solution I. 860 g 
of ammonium heptamolybdate tetrahydrate, 143 g of 
ammonium metavanadate and 126 g of ammonium paratungstate 
heptahydrate were dissolved one after the other in 5500 g 
of water at 95 °C to give a solution II. Solution I was 
subsequently stirred in one portion into solution II, and 
the aqueous mixture was spray-dried at an outlet tempera- 
ture of 110«C. The wettable powder was then compounded 
with 0.15 kg of water per kg of powder. The composition 
was heated to 400°C over the course of 3 hours in an air- 
charged rotary kiln and subsequently calcined to 400°C 
for 5 hours. The calcined, catalytically active material 
was ground to a particle diameter of from 0.1 to 50 |un. 

Entirely analogously, multimetal oxide powders of 
the following compositions were prepared (Mi is employed 
as nickel (II) acetate tetrahydrate): 

Mo 12 V,W 1 . 2 Cu 1 . (l llie.eOx (Bl) 

Mo 12 V 2 W,. 2 Cu 0 .,Hi I .«Ox (B2) 

Mo 12 V J W 1 . 2 Hi 2 . 4 0x (C2) 

Mo 12 V J W 1 . 2 Cu 2 . o Ni 0 .4Ox (B3) 

MOajV^.jCu^Mio.eOx' (E4) 

Mo^VjW^Cu^Ox" (C3) 

Mo^Wi.jCUo^llij.oOx (C4) 



b) Preparation of shell catalysts 

The active composition powders obtained in a) 
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were coated in a rotary drum onto non-porous, surface- 
rough st atite beads having a diameter of from 4 to 5 mm 
in an amount of 50 g of powder per 200 g of steatit 
beads, with simultaneous addition of 18 g of water. The 
5 coating was subsequently dried by means of air at 110°C. 

c) Gas-phase oxidation of acrolein 

A reaction tube (V2A, 2 mm wall thickness) having 
a free diameter of 25 mm was in each case filled with 1 1 
of a mixture comprising the shell catalysts obtained in 

10 b) and an inert diluent material, and was heated by means 

of a salt bath. It was then charged with 2300 l(s.t.p.)/h 
of a gas mixture having the composition 5 % by volume of 
acrolein, 7 % by volume of oxygen, 10 % by volume of 
steam and the remainder of nitrogen. 

15 The salt-bath temperature was in all cases set so 

that an acrolein conversion of about 99 mol% resulted 
after a single passage. The salt-bath temperatures 
necessary in this respect as a function of the shell 
catalyst employed in each case after an operating time of 

20 3 weeks (measure of the activity; lower salt-bath 

temperatures indicate increased activities) and the 
resultant select ivities (based on acrylic acid formed) 
are shown in the table. The table also shows the activa- 
tion times determined for the acrylic acid selectivity. 

25 TABLE 



30 



Catalyst 


Acrolein 
conversion 
[mol%] 


salt-bath 
temperature 
(•CI 


Selectivity 
[mol%] 


Activation 
time 
(days] 


CI 


99.1 


275 


95.0 


10 


El 


99.0 


264 


96.2 


2 


E2 


98.9 


265 


95.8 


3 


C2 


98.2 


283 


94.3 


3 


E3 


99.1 


267 


95.7 


3 


E4 


98.9 


265 


95.6 


4 


C3 


99.0 


267 


95.3 


e 


C4 


98.5 


279 


94.5 


3 



Vi ■ 
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We claim: 

1. A multimetal oxide composition which compris s, 
as basic constituents, the elements Mo, V, W, Cu and Ni 
in oxidic form, with the proviso that the following molar 
ratios exist between the various elemental constituents: 

Mo:V « 12:1 to 2:1, 
Mo:W * 60:1 to 3:1 
Mo:Cu » 24:1 to 2:1 and 
Cu:Ni ■ 5:1 to 1:3. 

2. A multimetal oxide composition as claimed in 
claim 1, which conforms to the empirical formula I 

Mo^V^Cu^iaXiXlXjXSxiO. ( I ) 

where 

X 1 is one or more alkali metals, 

X 2 is one or more alkaline earth metals, 

X 3 is chromium, manganese, cerium and/or niobium, 

X 4 is antimony and/or bismuth, 

X 5 is silicon, aluminum, titanium and/or zirconium, 

a is from 1 to 6, 

b is from 0.2 to 4, 

c is from 0.5 to 6, 

d is from 0.2 to 6, 

c:d is from 5:1 to 1:3, 

e is from 0 to 2, 

f is from 0 to 3, 

g is from 0 to 5, 

h is from 0 to 40, 

i is from 0 to 40 and 

n is a number which is determined by the valency and 
frequency of the elements in I other than oxygen. 

3. The use of a multimetal oxide composition as 
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claimed in claim 1, as a catalyst for the gas-phase 
catalytic oxidation of acrolein to acrylic acid. 
4. A process for th preparation of a multimetal 

oxide composition as claimed in claim 1, which comprises 
producing an intimate dry mix of starting compounds which 
contain the elemental multimetal oxide constituents, and 
calcining this dry mix at from 200 to 500°C. 
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